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On the A to S° ratio from proton-proton collisions* 
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We compare the recent COSY data on the total pp^>pKK + and pp^pT, K + cross sections with the predictions 
from two boson exchange models that either are based solely on n and K exchange or include it, r\ and p exchange 
as well as the virtual excitation of intermediate baryon resonances. Both models are found to reproduce the data 
after the inclusion of final state hyperon-nucleon interactions. Thus, within the experimental uncertainties, both 
models also roughly reproduce the strong dependence of the A to E° ratio as a function of the excess energy near 
threshold, as well as at higher energies. 
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Recently the total pp^pKK + and pp^pYP K + 
cross sections have been measured |l]-||] at the 
COoler SYnchrotron (COSY) at invariant colli- 
sion energies y/s near the production threshold. 
It was observed || that the ratio, R, of the cross 
sections for A and £ production at the same 
excess energies, e—^fs— rn p — my— rriK<l3 MeV, 
varies from about 20 - 30 at threshold to i?~2.5 
at high energies, e>l GeV jjj. As a possible ex- 
planation it has been suggested that this large 
ratio close to threshold might arise from a strong 
S— >A conversion by the final state interaction. 

Very recently the A to S° ratio from pp col- 
lisions was studied in Ref. ||. It was found || 
that the experimentally observed suppression of 
the ratio of S° to A hyperon production may be 
explained, at least in the region up to 15 MeV 
above threshold, by a destructive interference be- 
tween the pion and kaon exchange. 

To make a further investigation of these re- 
markable features || we consider here two types 
of boson exchange models J^— |sj , that have both 
been used quite often H in the analysis of 
strangeness production in nucleon-nucleon inter- 



actions. To get more insight into the dynamics we 
compare the model calculations simultaneously 
with the pp^rpKK + and pp^pYP K + cross sec- 
tions as a function of the excess energy, e. Fur- 
thermore, to obtain a more decisive conclusion we 
perform the calculations with the model parame- 
ters as they were fixed some years ago in Refs. 
§, prior to the COSY data in Refs. [Q-g, rather 
than adjusting these parameters again. This also 
provides a crucial test of the predictive power of 
these models. 

We recall that the 7r+A"-cxchange model 
leads to strangeness production through n and 
A"-meson exchanges, with the irN^YK and 



plitudes (cf. Fig. [|a) 
The coupling con- 
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KN^KN scattering amt 
evaluated from the data [ ; 
stant and the form factor (FF) at the NNir ver- 
tex were taken from the Bonn- Jiilich model [fTof , 
while the parameters at the NYK vertex were fit- 
ted f§ to pp^NYK data at e>l GeV. Because 
of the lack of data, the interference between the it 
and A-meson could not be unambiguously fixed 
and for simplicity was neglected. For further de- 
tails of the model and its explicit expressions we 
refer the reader to Ref. . 

The predictions of this model for the 
pp^pAK + and pp— K + cross sections are 
shown by the dashed lines in Fig. ^ together with 
the data from Ref. [Q (squares) and the recent 
data (circles) from COSY Q-^]. The calculations 
describe the experimental results reasonably well 
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Figure 1. The diagrams for pp^NYK reactions 
in the tt+K -exchange model (a) and within the 
resonance model (b). 



at high energies but substantially underestimate 
the data at e<100 MeV, because the final state 
interaction (FSI) between the proton and the hy- 
peron has been neglected . 

Among the different semi-phenomcnological 
corrections to the FSI JO] we employ here the 
Jost approximation Jl2| , |13[ and convolute the pro- 
duction amplitude with the function 

q—ia 2 2 

J s = , where a+/3= — and axf3= , (1) 

q+ip r s r s a s 

where a s and r s are the scattering length and the 
effective range for the S-wave hyperon-proton in- 
teraction, respectively, which were taken for the 
singlet and triplet states from Ref. jL4j. The 
function (|l|) is almost identical |L3| to the FSI 
correction used in the experimental analysis of 
Refs. [|]J|] at low e, where the FSI dominates. 
The solid lines in Fig. @ show the 7r+i^-modcl 



calculations including FSI. Clearly the calcula- 
tion describes the pK + A channel remarkably well, 
while the pK + TP cross section is slightly overes- 
timated very close to threshold. This might also 
be attributed to an uncertainty in the YPp s-wave 
scattering parameters, a s and r s . 

On the other hand, the resonance model || 
generates strangeness production by n, r\ and p- 
meson exchange with the excitation of interme- 
diate baryon resonances, R (JV(1650), AT(1710), 
AT(1710) and A(1920)) (cf. Fig. |b), which can 
couple to the AK and T,K states fllq|. 
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Figure 2. The pp^pAK+ (a) and pp->pY> a 'K+ (b) 
cross sections as a function of the excess energy 
e. The circles show the data from COSY @ § 
while the squares are from Ref. Q. The lines 
show the calculations within the 7rH-_ftT-exchange 
model with (solid) and without (dashed) FSI. 



The parameters of the RYK and RNtt vertices 
in Fig. lb were fixed jlq] using the nN—>AK and 
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irN^ZK data from Ref. @, which were avail- 
able prior to the COSY data. The couplings and 
formfactors at the NNn, NNr), NNp, RNrj and 
RNp vertices were either taken from Ref. [[Io) 
or fitted || to the pp^NYK data at high en- 
ergies, e>l GeV. Note again, that the baryonic 
resonance couplings are well controlled by the 
presently available resonance properties . 

The resonance model calculations for the A and 
S° channel without FSI are shown by the dashed 
lines in Fig. |[ while the solid lines show the 
resonance model results obtained with the same 
FSI (§) as in Fig. §. 
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Figure 3. The pp-^pAK + (a) and pp^pT, K + (b) 
cross sections as a function of the excess energy 
e. The circles show the data from COSY [| | 
while the squares are from Ref. The lines 
show the calculations within the resonance model 
with (solid) and without (dashed) FSI. 

Keeping in mind that the parameters for both 



versions of the boson exchange models were not 
adjusted to the recent data (j we conclude that 
the agreement between the model predictions 
D and the experimental results |Q- 1] is quite rea- 
sonable. It is important to note that both cal- 
culations reproduce simultaneously the data at 
low and high energies. Since both models were 
originally fixed at high energy, one might con- 
clude that the cross sections at low energy are 
a strict consequence of the underlying reaction 
mechanism. 
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Figure 4. The ratio of the pp^pAK + and 
pp^pH°K + cross sections as a function of the 
excess energy e. The circles show the data from 
COSY H while the squares are from Ref. fj. The 
lines show the results with (solid) and without 
(dashed) FSI calculated by the n+ K- exchange 
(upper part) and the resonance model (lower 
part). 

2 The parameters of the 7r+ii"-exchange model were fixed 
in 1995 [p|, while the resonance model parameters were 
fixed in 1997 |8| - i.e., before the appearance of any near 
threshold COSY data 
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Finally, the data || on the e-dependence of 
the ratio of pp^pAK + to pp^pYP K + cross sec- 
tions are shown in Fig. ^ together with the re- 
sults from the Tr+X-exchange (upper part) and 
the resonance model (lower part). The dashed 
lines show the results obtained without FSI while 
the solid lines indicate the calculations with FSI. 
The comparison in Fig. || is given using a linear 
scale for R and within about two experimental 
errors bars the agreement between data and cal- 
culations is reasonable. Apparently, by adjusting 
the coupling constants and cut-off parameters of 
the formfactors one can obtain a much better de- 
scription of the data |l}-||] which, however, is not 
the aim of our present investigation. 

Our results indicate that the strong variation 
of the ratio R with the excess energy e should not 
be considered as an extraordinary feature of the 
strangeness production process since the two dif- 
ferent approaches, fixed some years ago at high 
energy, are obviously able to reproduce the data 
to better than a factor of 2. This finding also 
shows that the present data on the total cross 
sections are not sensitive to the details of the 
model and that it is still not possible to fix the ex- 
plicit contribution from the kaon exchange chan- 
nel, which is of fundamental interest. 

We point out that a fully self-consistent model 
should include all available tt, 77, a, p, K and 
possibly K* and higher mass mesonic exchanges 
as well as the excitation of all available intermedi- 
ate baryonic resonances and the direct kaon emis- 
sion processes. The large number of parameters 
involved in such a model might be fixed using 
the NN^NYK data. However, this would re- 
quire a larger number of experimental points than 
presently available Jl]-Q. 

In spite of these comments, the theoretical 
progress resulting from the new COSY data g-g| 
is significant. The role of FSI, as well as a direct 
experimental evaluation of the hyperon-nucleon 
interaction parameters from the data p7| , can 
now be well understood phenomenologically. This 
is an important step for further theoretical and 
experimental analysis of differential cross sec- 
tion data on strangeness production in nucleon- 
nucleon collisions. 

More detailed constraints on the theory can 



be obtained from differential cross section data 
at higher excess energies. It is crucial that the 
contribution from i'T-meson exchange may be 
directly investigated from polarization measure- 
ments as argued in Ref. |l8f , or by a partial wave 
decomposition of the Dalitz representation as ad- 
vocated in Ref. ||. The separation of the kaon 
exchange contribution would provide information 
on the NYK coupling constants, which could be 
compared with the SU (N) symmetry predictions 
and other experimental determinations ]6|,|l9|]. 
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